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Abstract— Multiple-antenna systems with space-time block-codes ex-
ploit channel-diversity to improve performance without loss in spectral
efﬁciency. A lot of works in this area relies on the assumption that per-
fect channel estimates are available at the receiver so to make feasible
fully-coherent decoding. However, accurate channel-estimates require long
training sequences that lower spectral efﬁciency. After considering emerg-
ing Fourth-Generation WLANs as possible application scenarios, in this
contribution we present anew family of power andspectral efﬁcient Space-
Time Block Codes (STBCs) that ”self-match” to the channel estimation
errors so to meet QoS requirement without wasting system resources.
Index Terms— Multiple-Antenna, MIMO Systems, partially-coherent
decoding, 4GWLANs.
I. INTRODUCTION
Inthe emerging Fourth-Generation WLANs(4GWLANs)maingoal
is to provide broadband access to mobile users for real-time multime-
dia applications with data rate up to 100 Mb/s and guaranteed Quality
of Service (QoS) [6,7]. To meet this goal, new wireless architectures
are to develop for achieving both high spectral and power efﬁciencies
[5,9]. Large part of studies on coded multiple-antenna systems has
been carried out under assumption of perfect channel estimates avail-
able at the receiver [1,3,4]. However, for for achieving high spectral
efﬁciencies in 4GWLANs it may be appealing to relax perfect CSI as-
sumption so to reduce lengths of training sequences. In this work we
propose a new family of codes able to cope with channel estimation
errors present at the receiver.
II. SYSTEM MODEL
Let us consider the complex base-band equivalent model of a wire-
less communication system impaired by slow-variant Rayleigh ﬂat
fading with
  transmitting and
  receiving antennas at the terminals
[10,11]. The path gain
 
￿
￿ from transmitting antenna i to receiving
antenna j is modelled as a complex zero-mean unit-variance proper
Gaussian random variable (r.v.) and the path gains are assumed mutu-
ally independent. WLANs are planned for low mobility applications
[6] so the channel may be assumed quasi-static. Hence, the above
path-gains may be considered constant over each frame but they may
change from a frame to another. Furthermore, the
  streams radiated
by the transmitted antennas are assumed linearly modulated and parti-
tioned in packets of length
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￿, where
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￿ is the length
of the training sequence and
 
￿
￿
￿ is the payload length. Therefore, as
in [2,5,9], the complex samples observed at the outputs of the receiv-
ing antennas during the training phase may be collected in a observed
matrix modelled as
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where
￿
  is the complex matrix of the transmitted training sequences,
  is the generally unknown complex matrix of the channel path-gains
to be estimated and the noise matrix
￿
  is composed by mutually-
independent zero-mean unit-variance complex Gaussian noise sam-
ples. Finally,
￿
  is the SNR per received samples during the training
phase. In a similar way, during the payload phase we observe
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where the scalar entries of the
  matrix are mutually indepen-
dent zero-mean unit-variance proper complex Gaussian noise samples
while
￿ is the matrix of the transmitted payload samples. Furthermore,
after assuming
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 , the parameter
  in (2) is the SNR
per received sample measured at the outputs of each receiving antenna
during the payload phase. Therefore, from the outset it follows that
the spectral efﬁciency
  (bit/sec./Hz) of the overall packet-based sys-
tem described by eqs.(1),(2) is given by
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where
  is the roll-off of the transmitting shaping ﬁlters and
 
￿ is the
rate of the employed STC.
III. A GLIMPSE ON THE RECEIVERARCHITECTURE
The results reported in [2,8] show that unitary block-codes are able
to approach Shannon’s capacity of Multiple-Antenna Rayleigh ﬂat-
faded links and then, up to day, the utilization of these codes turns
to be appealing [2,3,4]. Unitary block-codes satisfy the deﬁnitory re-
lationship:
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 , so that, according to the Maxi-
mum Likelihood criterion, at the receiver we decide for the codeword
satisfying to the following relationship:
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where itcan be proved that the
 -thdecision statistic
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￿
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￿is given
by [5]
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with
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￿ indicating the channel estimation error variance
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￿ incurred in the training phase (1) (see [5]).
IV. DESIGN AND PERFORMANCE OF ”SELF MATCHING” STBCS
Now we present a new family of unitary block-codes that ”self-
match” to channel-estimation errors so to guarantee ”full-diversity” for
any value of
 
￿
￿. To begin with, we observe that, in order to minimize2
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Fig. 1. Mapping of the ”Self Matching” codeword symbols for different values
of
￿
￿
￿ ranging from 0 to 1.
the system error probability evaluated in [5], we have both to maxi-
mize
 
￿
￿
￿
￿ and minimize
Æ
￿
￿
￿
￿ that are the minimum and maximum
eigenvalues of the correlation matrices of the employed codewords [5],
respectively. Obviously, these two criteria contrast [5]. However these
parameters dominate the system performance for ”fully coherent” and
”fully incoherent” applications, respectively. Therefore, from an ap-
plication point of view, it could be appealing to design
 
￿
￿-depending
unitary block-codes that guarantee full diversity for any value of
 
￿
￿.
The rational behind design of the proposed ”self-matching” codes re-
lies on the known property that codewords of good codes for fully-
coherent applications may be augmented via a unitary matrix for gen-
erating codes suitable for fully-incoherent applications [6].
Then, after indicating with
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￿ an as-
signed L-ary unitary block-code with
￿
 
￿
 
￿ matrix codewords, let us
denote with
 
￿
￿
￿
￿ the resulting smallest eigenvalue of the correspond-
ing squared Euclidean-distance matrices
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￿ . Furthermore, let us indicate by
  an arbitrarily as-
signed
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￿ unitary matrix with
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 . Thus, the
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unitary block-code with codewords
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with m=1,...,L constitutes a ”self-matching” code..
About the codes we propose in (6), Fig.1 shows we show the map-
ping of the complex 8-PSK-type alphabet’s symbols constituting the
codewords for different values for
 
￿
￿. Furthermore, from (3) we de-
duce that the (maximum) spectral efﬁciency attained by code in (6) is
given by
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Performance plots of Fig.2 allows us to appreciate actual effec-
tiveness of the self-matching code (6) and allows to drawn two main
conclusions. Firstly, performance of self-matching codes degrades in
a (very) ”soft” fashion when
 
￿
￿ increases. Secondly, self-matching
codes guarantee full-diversity performance for any value of
 
￿
￿;i na d -
dition, for
 
￿
￿
 
￿ the proposed self matching codes do not exhibit the
error-ﬂoor phenomena suffered by bi-orthogonal Alamouti-like ones
[7].
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Fig. 2. Performance comparison of Alamouti-like-biorthogonal unitary codes
and ”Self Matching” codes of (6) with L=4
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